tion. A minimum value of 1.25 nT was measured a few seconds before CA and below the ionospheric peak around 17:42 and 17:50 (altitudes of 1270 and 1200 km, respectively).
Between approximately 1200 and 1600 km altitude (points I and II), the draped magnetic field was antiparallel to the corotation direction (the toward lobe). Because Cassini was at northern latitudes, this lobe corresponds to the draping of a field that was initially southward. However, the IMF surrounding Titan was clearly northward, and there is no possibility that such an orientation could lead to a toward lobe at northern latitudes. A comparison between the average field in Titan's magnetotail during T32 with that in the toward lobe during three north latitude flybys with almost identical geometries (T28, T29, and T30) inside Saturn's magnetosphere shows that these directions differed by as little as 28°. The fields in the toward lobes of flybys T32 and T30 (Fig. 3 ) display high similarity (8°between averages).
In the absence of an internal field, the fields just above Titan's collisional ionosphere are draped kronian magnetospheric fields deposited within Titan's induced magnetosphere before the moon's magnetosheath excursion. These fields are effectively frozen or "fossilized" in the nearTitan noncollisional plasma as a result of mass loading by cold ions [notably N 2 + (19) ] from Titan's exosphere below 1600 km, dramatically reducing the transit speed of magnetic flux tubes. As Titan entered the magnetosheath, it encountered shocked solar wind traveling along the SunSaturn direction. This flow transported IMF field lines, which piled up and draped around the layers of fossilized fields, as shown by the monotonic change in the magnetic field strength after 17:53. Thus, draped field lines at higher altitudes moved at higher speeds, reflecting more recently sampled magnetic environments.
The detection of kronian fossil fields during T32 occurred because their convection time was longer than the time that Titan was exposed to the IMF. In the early hours of day 164, Titan was immersed in the magnetosheath longer than Cassini (9 hours, 45 min), because the spacecraft was inside Titan's orbit. For the same reason, Titan was within Saturn's magnetosphere for a shorter time than the interval from B to C. However, this was long enough to replenish Titan's induced magnetosphere with kronian fields after the first magnetosheath excursion. Hence, if Titan was within Saturn's magnetosphere for some time between B and C, and if the replenishment time was the same for the IMF and magnetospheric fields, the time spent by Titan in Saturn's magnetosphere between B and C should have been longer than that between C and CA. As a result, the lifetime of the kronian fossil fields was between~20 min and~3 hours. These conclusions support previous theoretical estimations within Saturn's magnetosphere (20) .
The fossil fields could have been removed via diffusion into the collisional ionosphere, convection around the ionosphere into the magnetotail, and reconnection with the IMF. The magnetic shear at locations I and II (111°and 162°, respectively) and the magnetic field variance suggest that reconnection could have occurred during T32. In this scenario (Fig. 4 , top panels), Titan could have opened Saturn's magnetopause, and the field reconfiguration could have been similar to that proposed for disconnection events at comets (21) . Initial real-time modeling supports this interpretation.
However, previous simulations (20) indicate that at these altitudes, the plasma density was too low for electrons to be demagnetized. In such a case (Fig. 4, bottom Parkfield earthquakes both reduced seismic velocities that were measured from correlations of the ambient seismic noise and induced an increased nonvolcanic tremor activity along the San Andreas fault. After the Parkfield earthquake, velocity reduction and nonvolcanic tremor activity remained elevated for more than 3 years and decayed over time, similarly to afterslip derived from GPS (Global Positioning System) measurements. These observations suggest that the seismic velocity changes are related to co-seismic damage in the shallow layers and to deep co-seismic stress change and postseismic stress relaxation within the San Andreas fault zone.
I nformation about the stress variations in deeper parts of continental faults can be obtained by studying source properties of microearthquakes (1) . Changes in seismic velocities measured by using repeated natural and active seismic sources can also provide information about rock damage and healing at depth after large earthquakes (2, 3) or about stress changes in seismogenic zones (4) . The main limitation of these types of measurements, however, is the episodic nature of their seismic sources, which prevents continuous monitoring of crustal properties.
We used continuous measurements of ambient seismic noise to recover continuous variations of seismic velocities within the crust along the San Andreas fault (SAF) near Parkfield, California. With this approach, the cross-correlation function of ambient seismic noise computed between a pair of receivers converges toward the response of Earth between the receivers (the so-called Green's function). Essentially this function represents the seismogram that would be recorded at one of the receivers if a source were acting at the second (5, 6). temporal evolution of the crust is then tracked by computing cross-correlation functions at different dates for the same receiver pair and measuring the changes between the correlation functions (7) (8) (9) .
To monitor variations in seismic velocity along the SAF at Parkfield, we used more than 5 years of continuous seismic noise data recorded by 13 shortperiod seismological stations of the Berkeley High Resolution Seismic Network (HRSN) (10) . These stations are installed in boreholes at depths of 60 to 300 m, thus reducing locally generated noise and effects of temperature variations and precipitation (Fig. 1) . We analyzed data from January 2002 to October 2007, spanning the times of two major earthquakes that occurred within a 100-km radius of Parkfield: the moment magnitude (M w ) = 6.5 San Simeon earthquake of 22 December 2003, whose epicenter was located 60 km west of Parkfield, and the M w = 6.0 Parkfield earthquake of 28 September 2004. For every possible pair combination of stations, we computed the daily crosscorrelation of seismic noise by using the procedure of (11), yielding 91 × 2140 days = 194,740 crosscorrelation and auto-correlation time functions. A reference Green function (RGF) was computed for each station pair by stacking the daily crosscorrelations for the entire 2140-day period (12). The velocity changes were then determined by measuring time delays between the RGF and 30-day stacks of cross-correlation functions in the frequency range from 0.1 to 0.9 Hz (9, 12, 13) (Fig. 2B) . If the medium experiences a spatially homogeneous relative seismic velocity change, Dv/v, the relative travel time shift (Dt/t) between a perturbed and reference Green function is independent of the lapse time (t) at which it is measured and Dv/v = −Dt/t = constant. Therefore, when computing a local time shift, Dt, between the reference and a chosen cross-correlation function in a short window centered at time t, we would expect that Dt should be a linear function of t. By measuring the slope of the travel time shifts Dt as a function of time t, we then estimated the relative time perturbation (Dt/t), which is the opposite value of the medium's relative velocity change (Dv/v). The 30-day stacked correlations shown in Fig. 2A exhibit variations because of the seasonal pattern of the location of noise sources (14, 15) . Because these seasonal variations mainly affect the direct waves, we did not make differential time measurements for these waves. We also investigated the accuracy of the station clocks by analyzing the temporal symmetry of the correlation functions (16) and correcting for the detected errors (12) . Lastly, following (9), we averaged the measured time shifts for each time t over all station pairs to increase the measurement accuracy.
After the San Simeon earthquake, the seismic velocity along the SAF at Parkfield decreased by 0.04% (Fig. 3) . This is consistent with measurements using active sources and fault guided waves that are associated with other earthquakes (2, 3, 17) . Creepmeter and Global Positioning System (GPS) measurements show that there was no substantial slip detected along the SAF in the Parkfield area after the San Simeon earthquake (18) . This suggests that the velocity change we detected may be related to co-seismic damage in the shallow layers caused by strong ground shaking (~0.15 g) from this quake. By 7 months after the quake, velocities in the Parkfield area appear to have returned to their pre-earthquake levels.
Kinematic and dynamic rupture inversions as well as GPS and INSAR (Interferometric Synthetic Aperture Radar) measurements showed that the Parkfield mainshock released a maximum stress of 10 Mpa and that the average slip was about 0.5 m (19). The Parkfield mainshock was also followed by postseismic afterslip that is still ongoing and broadly distributed between the surface and a depth of 12 km (20, 21) . Immediately after the Parkfield earthquake, velocities decreased by 0.08%, and postseismic velocities remained low for almost 3 years (Fig. 3) . The long-term decay of the relative velocity perturbation was very similar to the relaxation curve associated with the along-fault displacement deduced from GPS measurements (21, 22) . Therefore, our hypothesis is that the evolution of the observed seismic velocity changes after the Parkfield earthquake was governed by the postseismic stress relaxation within deeper parts of the fault zone and the surrounding region.
Observation of nonvolcanic tremors in the vicinity of the Parkfield area supports this hypothesis (Fig. 3) . We considered the 30-day averaged rate of tremor activity in the Cholame-Parkfield region computed by using continuous records from the HRSN for the period 2002 through 2007. These tremors are estimated to have occurred between 20-and 40-km depths (23) , similarly to the episodic tremor and slip phenomena on subduction zones (24, 25) . There is clear evidence of triggering of tremor activity by both San-Simeon and Parkfield earthquakes. After the Parkfield earthquake, tremor activity remained elevated and has yet to return to its pre-event level similarly to the seismic velocity changes. This observation supports our hypothesis that both seismic velocity changes and tremor activity after the Parkfield earthquake are related to postseismic stress relaxation and corresponding slow slip. We also propose that the increased nonvolcanic tremor activity after the San Simeon earthquake may be related to slow slip at depth in response to small stress variations induced by the passing of seismic waves from the M w = 6.5 event (26). (23) . The black box on the inset image corresponds to the studied area. The DEM plot was obtained from (27, 28) . EQ indicates earthquake. Fig. 3 . Seismic velocity changes, surface displacements from GPS, and tremor activity near Parkfield. The red curve represents the postseismic fault-parallel displacements along the San Andreas fault as measured by GPS at station pomm ( Fig. 1) (29) . The tremor rates are averaged over a centered 30-daylength moving time window. Differences in the evolution of seismic velocities after the San Simeon and the Parkfield earthquakes indicate that two different physical mechanisms may be responsible for the changes in crustal properties: (i) damage of shallow layers and fault zone caused by the strong ground shaking and (ii) co-seismic stress change followed by the postseismic relaxation. These results demonstrate that measuring small velocity perturbations from correlations of seismic noise can be a useful tool for studying the continuous time evolution of the stress regime in the vicinity of seismogenic faults. Climate models suggest that extreme precipitation events will become more common in an anthropogenically warmed climate. However, observational limitations have hindered a direct evaluation of model-projected changes in extreme precipitation. We used satellite observations and model simulations to examine the response of tropical precipitation events to naturally driven changes in surface temperature and atmospheric moisture content. These observations reveal a distinct link between rainfall extremes and temperature, with heavy rain events increasing during warm periods and decreasing during cold periods. Furthermore, the observed amplification of rainfall extremes is found to be larger than that predicted by models, implying that projections of future changes in rainfall extremes in response to anthropogenic global warming may be underestimated.
P
redicting and adapting to changes in the global water cycle expected to result from global warming presents one of the greatest challenges to humanity. Projections of tropical precipitation through this century anticipate increases in moist equatorial regions and indications of drying over the already-arid subtropics (1-6), changes consistent with theoretical considerations (7) (8) (9) . Low-level moisture rises with temperature at about 7%/K, as expected from the Clausius Clapeyron equation (10, 11) , fueling comparable rises in heavy precipitation events driven by moisture convergence (8) . Mean precipitation and evaporation are constrained by the slower rises in atmospheric radiative cooling to the surface (7, 12, 13) . This leads to a decline in precipitation away from the convectively driven regimes that the models achieve through reduced water vapor mass flux and wind stress associated with a weakening of the Walker circulation (14) . Observational evidence supports the findings that moist regions are becoming wetter and dry regions drier (3, 15, 16) , but the overall response of the models to the current warming trend appears underestimated (11, (15) (16) (17) and the cause of this discrepancy may affect the fidelity of climate predictions.
Present-day changes in the tropical water cycle are dominated by the periodic warming and moistening associated with El Niño Southern Oscillation (ENSO). Figure 1 shows that warm ENSO events (positive Nino-3 index) are associated with higher column water vapor and precipitation, whereas the reverse is true for cold events. This variability provides a means for testing hypotheses regarding how precipitation responds to a warmer climate. The contrasting mechanisms involved in driving heavy and light precipitation necessitate the examination of daily data (5, 18): We compared daily precipitation from the Special Sensor Microwave Imager (SSM/I) over the tropical oceans (11) to multiple Coupled Model Intercomparison Project 3 (CMIP3) models (19) forced with present-day sea surface temperature (SST) and with projected greenhouse gas concentrations for the 21st century.
The SSM/I data resolution was degraded to 2.5°by 2.5°, a resolution that is more comparable with climate model grids. Each month of daily precipitation maps was partitioned into 12 bins ranging from the lightest 10% up to the heaviest 1% [supporting online material (SOM) text]. Because climate models struggle to simulate the observed distribution of rainfall intensities (20) , we calculated changes in precipitation frequency in each bin separately for the satellite data and for each model. Bin boundaries were calculated from 1 year of daily data for the models and the satellite data; the year chosen does not alter the boundary rainfall intensity by more than 10% (table S1). Deseasonalized anomalies in the frequency of precipitation were calculated for each bin. The percentage changes in precipitation frequency, relative to the mean frequency for each bin, were thus calculated for each bin every month. Figure 2 presents the percentage changes in precipitation frequency in each bin for the SSM/I data and models. These are comparable with results from the SSM/I data for 10 exact 10% bins at the original and the degraded resolutions ( fig. S1 ) and for individual models ( fig. S2 ). There is a coherent variability in observed very heavy precipitation, with higher frequencies associated with warm El Niño events (1988, 1991, 1997-8, and 2002-3) and lower frequencies with cold La Niña events (1989, 1996, and 1999-2000) . The model ensemble mean (Fig. 2B) shows qualitative agreement with the satellite data for the heaviest rainfall bins; agreement
